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412 ABSTRACTS / Developmental Biology 306 (2007) 411–426Sex determination in vertebrates, the process of forming an
ovary or testis from a bipotential gonad, can be initiated by
genetic or environmental factors. Elements of the downstream
molecular pathways underlying these different sex-determining
mechanisms have been evolutionarily conserved. We find the
first evidence that Sox9 expression is preferentially organized in
the testis early in the temperature-sensitive period in a species
with temperature-dependent sex determination (TSD), Tra-
chemys scripta. This pattern occurs before sexually dimorphic
Mis expression and in a temporal hierarchy that is similar to
mammals. Further, we examine the response of these genes, as
well as Dmrt1, Wnt4, Dax1 and FoxL2, to a shift in temperature
at early stages of gonad development. Future functional studies
will begin to elucidate the role of these genes in the sex-
determining pathway underlying gonadogenesis in an organism
with TSD.
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The Notch signaling pathway plays numerous roles during
the patterning of organs. For example, our previous work
demonstrated that upregulation of Notch signaling during
gastrulation resulted in the misexpression of renal genes during
the development of the amphibian embryonic kidney. Notch
signaling is able to mediate diverse cellular processes necessary
for the development of organs via Notch-responsive genes
belonging to the Hairy Enhancer of Split family of bHLH
repressor proteins (HES genes). We therefore examined the role
of Notch-responsive bHLH genes during the prepatterning of the
embryonic mesoderm in order to identify and characterize their
roles during the earliest stages of nephrogenesis. Using the
relatively simple kidney of the tractable model system, Xenopus
laevis, we manipulated the activity of individual bHLH genes
during specific windows of development. After confirming the
Notch-responsiveness of our candidate genes, we demonstrated
that several bHLH genes are expressed in the developing
marginal zone and play important roles in the development of
renal precursor cell populations. Our results provide further
evidence that the careful regulation of Notch-responsive bHLH
genes during gastrulation is necessary for the prepatterning of
early organ fields. Importantly, since Notch signaling has been
implicated in a wide number of cellular processes, these results
stress the importance of resolving the underlying mechanisms
that function downstream of Notch in order to create functional
organs and tissues.
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Expression patterns of Ret, GFRalpha1 and GDNF during
pronephric morphogenesis in Xenopus laevis
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GDNF signaling through the GFRalpha1/Ret signaling
complex has been shown to be necessary for cell migration
during pronephric duct (PD) extension in axolotl embryos.
Cell migration is the primary mechanism for PD morphogen-
esis in axolotls. However, PD extension in Xenopus is more
complex, consisting of three distinct temporal phases: during
the first phase, pronephric and PD tissue delaminates from
flank mesoderm directly ventral to somites IV–VIII; during
the second phase cells migrate throughout the duct extending
it to the axial level of somite XIV; finally, anterior extension
of rectal diverticula from the cloaca to the posterior tip of the
PD is required to complete morphogenesis of a functional
conduit for excretory waste. We are extending our studies of
Ret signaling to determine whether it is deployed for cell
migration and/or other events during PD morphogenesis in
Xenopus. Here we report the expression patterns of Ret,
GFRalpha1 and GDNF during PD morphogenesis. Prelimin-
ary results suggest that Xenopus has two functional pseu-
doalleles of GDNF that have different expression patterns. In
addition, expression of GFRalpha1 – but not Ret – in rectal
diverticulae raises the possibility that forward extension of
rectal diverticulae involves Ret-independent signaling through
GFRalpha1.
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James Leone, Kristine Casal, Vanessa Gerrard,
Julie Drawbridge
Dept. of Biology, Rider University, Lawrenceville, NJ, USA
Pronephric duct (PD)extension in Xenopus embryos consists
of three distinct temporal phases: during the first phase,
pronephric and PD tissue delaminates from flank mesoderm
directly ventral to somites IV–VIII; during the second phase,
cells migrate throughout the duct extending it to the axial level
of somite XIV; finally, anterior extension of rectal diverticulae
from the cloaca to the posterior tip of the PD is required to
complete morphogenesis of a functional conduit for excretory
waste. We have previously identified GFRalpha1 and GDNF,
the co-receptor and ligand for the Ret RTK, as important for
cell migration during amphibian PD morphogenesis. As a
direct test for the importance of Ret in PD cell migration, we
designed a splice-blocking morpholino oligo to inhibit
production of functional Ret in Xenopus embryos. The effect
413ABSTRACTS / Developmental Biology 306 (2007) 411–426of this morpholino on production of Ret mRNA and PD
morphogenesis will be discussed.
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The RNA-binding molecule Bicaudal-C regulates embryo-
nic development in Drosophila and Xenopus. Interestingly,
mouse mutants lacking Bicaudal-C do not show early pat-
terning defects, but instead develop severe polycystic kidney
disease (PKD). This phenotype can be detected as early as
E15.5 and is characterized by the formation of enlarged
epithelial structures in the proximal tubules and the glomerulus
of the metanephric kidney. It was not caused by increased
proliferation, but rather impaired differentiation of the renal
epithelial cells. To further investigate the molecular mechan-
ism of Bicaudal-C in kidney development, we analyzed its
function in the developing Xenopus pronephros. Inhibition of
the translation of endogenous Bicaudal-C with antisense
morpholino oligomers (xBic-C-MO) led to a PKD-like
phenotype. Embryos lacking Bicaudal-C developed general-
ized edemas and dilated pronephric tubules and ducts. This
phenotype was also caused by impaired differentiation of the
pronephros. Molecular markers specifically expressed in the
late distal tubule were absent in xBic-C-MO-injected embryos.
Furthermore, Bicaudal-C was not required for primary cilia
formation, an important organelle affected in PKD. However,
xBic-C-MO-injected embryos exhibited changes in left-right
patterning, another paradigm for cilia function. These data
support the idea that Bicaudal-C functions downstream of a
cilia-regulated signaling pathway. This pathway is important
for proximal-distal patterning of the pronephros and regulates
renal epithelial cell differentiation, which – when disrupted –
results in PKD.
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Pax2 and Pax8 regulate branching morphogenesis and
nephron differentiation in the developing kidney
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These authors contributed equally to this workThe critical role of Pax genes during kidney development
has been demonstrated by the analysis of Pax2−/− mouse
embryos, which fail to form a metanephros. This early
phenotype largely precluded the study of Pax genes during
metanephric kidney development. In order to address the later
role, we analyzed kidneys of Pax2 Pax8 compound hetero-
zygous embryos. Pax2 and Pax8 are closely related family
members, which are coexpressed in the collecting duct and
differentiating nephrons. Pax2+/− Pax8+/− kidneys are hypo-
dysplastic and show a severe reduction in nephron and ureter
tip number. The defect in nephron formation is accompanied
by a strong decrease of Lim1 expression, increased apoptosis
and deficits in distal tubule differentiation. At the ureter tips,
the expression of Wnt11 is significantly downregulated. Taken
together, these data reveal important roles for Pax2 and Pax8
in nephron differentiation and branching morphogenesis of the
metanephros.
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β-Catenin and MAPK/ERK signaling are both required
for mesenchymal–epithelial transition (MET) in nephron
formation
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The metanephros is formed from reciprocal interactions
between the epithelial ureteric bud and the metanephric
mesenchyme (MM), which is induced by the bud to convert
to the epithelia of the nephron. Wnt signaling is essential in this
process; however, the absence of activity from a b-catenin-
activated transgene reporter (BAT-gal) in mouse MM or its
derivatives suggests a noncanonical mechanism. Using an
explant culture system, we found that glycogen synthase
kinase-3b (GSK3b) inhibitors are potent inducers of MET.
Furthermore, inhibitor treatment stabilized b-catenin, yielding
distinct molecular forms which selectively bind to cadherins
for cell adhesion or TCF for transcriptional activation, and
activated a Topflash reporter. Disruption of b-catenin/
cadherin complex formation with genetic constructs or neu-
tralizing antibodies blocked MET, while a dominant-negative
TCF had no effect. These studies suggest that cadherin/b-
catenin complex formation, but not TCF activation, is re-
quired for epithelial conversion. In addition, inhibition of
GSK3b blocked apoptosis, stimulated proliferation, and acti-
vated ERK phosphorylation in MMs. Furthermore, MAPK
